There is evidence that uncontrolled arterial hypertension (AHT) in patients with metabolic syndrome (MS) increases cardiovascular risks. The renin-angiotensin-aldosterone system (RAAS) and its polymorphisms apparently confer a genetic risk for uncontrolled AHT. This study aims to investigate the influence of RAAS polymorphisms on AHT control in patients diagnosed with MS. This is a two-stage population-based nested case-control pilot study (n¼1514). We differentiated between MS-diagnosed patients and non-MS patients (ATP-III criteria) and selected those individuals diagnosed with AHT from each group (n¼161 and n¼156, respectively). Those who successfully controlled their AHT (controls) and those who did not were compared. In the MS population, the C/G and G/G genotypes of single-nucleotide polymorphism rs1040288 (NR3C2) and A/G and G/G of rs11099680 (NR3C2) were associated with uncontrolled AHT (odds ratio (OR)¼2.94 (1.34-6.47) and OR¼2.54 (1.09-5.93), respectively). According to Akaike's information criteria, the best adjusted model included gender and age as confounding variables (adjusted OR (ORa)¼2.91 (1.31-6.46) and ORa¼2.67 (1.13-6.31), respectively). Regarding rs1040288, an ORa of 4.03 (1.44-11.26) was obtained for the saturated model (adjusted for gender, age, waist-to-hip ratio, body mass index, biochemical profile, renal damage, smoking habit and anti-AHT treatment). Yet, when the same analysis was performed on the non-MS population, no association was found between rs11099680 and the failure to control AHT. The results reveal a possible association between the rs11099680 RAAS polymorphism and uncontrolled AHT in MS-diagnosed patients. rs1040288 appears to be associated with uncontrolled blood pressure regardless of MS profile.
INTRODUCTION
Metabolic syndrome (MS) is recognized as a cluster of cardiometabolic risk factors associated with high cardiovascular risk, including glucose intolerance, dyslipidemia, arterial hypertension (AHT) and obesity. 1, 2 All of these pathologies have become major public health concerns because their components are rapidly emerging as twentyfirst century epidemics. 3, 4 Most authorities suggest an aggressive approach toward all the individual components of MS. 5 The objective of the established therapeutic methodology to control this syndrome consists of reducing high cardiovascular risks or renal events and attempting to avoid the development of type 2 diabetes mellitus or AHT, 6 as individuals with MS have a higher than average likelihood of developing these conditions.
Controlling blood pressure (BP) is important given that MS considerably increases cardiovascular risk and renal events. 6 AHT associated with MS has pathophysiological characteristics that pose clinical challenges and provide opportunities for successful therapeutic intervention. 7 Although anti-AHT therapy is considered essential in AHT management, specific BP treatment goals have not yet been introduced in this high-risk population. Despite there being no clear consensus on the most effective anti-AHT treatment, it is agreed that angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor antagonists are the best first-line therapies for MS patients. 5 In fact, there is evidence that stimulating the renin-angiotensinaldosterone system (RAAS) is a factor commonly associated with obesity and insulin resistance, and this may have a key role in MS patients' high BP. 6 Certain patient populations show a high prevalence for AHT, including the elderly and individuals with obesity, MS, diabetes or chronic kidney disease. Many of these patients exhibit dysregulation of the RAAS, which is relevant because this system has key roles in the pathogenesis of AHT, cardiovascular disease and renal dysfunction. 7 It is also a central regulator of cardiovascular and renal homeostasis, and its components are involved in the control of BP, body fluid homeostasis and several other cardiovascular functions. The RAAS is an endocrine system in which angiotensin II is synthesized and transported to peripheral tissues by systemic circulation, while its actions in target cells are mediated through the angiotensin type-1 and type-2 receptors. 8 Among other functions, glomerulosa cells of the adrenal cortex secrete aldosterone when stimulated by angiotensin II via the angiotensin type-1 receptor, and aldosterone interacts with the mineralocorticoid receptor, which triggers body salt/fluid homeostasis and BP control maintenance measures. 9 However, it is difficult to control BP effectively, especially in patients with other comorbidities, such as those represented by MS. Despite the close association between components of MS and high BP, it is difficult to identify their individual contributions to increased BP because they all interact with other MS components, mechanisms inducing AHT and individual genetic backgrounds. It is, therefore, a challenge to understand the exact underlying causes and consequences. The RAAS is an excellent candidate to investigate the genetic factors that control AHT in MS patients in relation to gene-environment interactions and their influence on the patients' health status. [10] [11] [12] For example, Milionis et al. 5 observed a possible association of the AC genotype and the C allele of the angiotensin II type-1 receptor gene with a better response to structured anti-AHT treatment in MS patients.
With all this in mind, our pilot study aims to provide a method to evaluate the roles that certain RAAS polymorphisms have in effective AHT control in MS-diagnosed patients with non-MS hypertensive patients as a reference group.
METHODS
A two-stage nested case-control population-based pilot study was carried out from 1997 to 2002 in an adult sample population (15 years of age or older) in the province of Valladolid, Spain. The data of 20% of this population (n¼35 901) were obtained from the 1997 Municipal Census covering our Health Area and were selected by random sampling and stratified according to age and gender. Individuals excluded from this pilot study were those over 90 years of age, non-residents in the province, patients with clear cognitive deterioration, clinically and terminally ill individuals, and subjects with a marked walking disability (n¼1514). This left a total sample of 34 742 people, to whom an initial survey was sent by mail. In a second step, a representative subsample of the general population was selected. A second mail survey was carried out, followed by a structured face-to-face interview with closed questions (n¼1514).
Study population
We began this study with a sample of 1514 people aged 15-89 years (50.3% women, 49.7% men) (Figure 1 ). The sample was split into two groups according to on whether individuals had been diagnosed with MS. Those diagnosed with MS (n¼352) were identified by following the ATP-III criteria, 13 which requires meeting at least three of the following conditions: abdominal obesity (waist circumference 41.02 m in men, 40.88 m in women); triglycerides X150 mg dl -1 (X1.68 mmol l -1 ); high-density lipoprotein cholesterol o40 mg dl -1 (o1.03 mmol l -1 ) in men, o50 mg dl -1 (1.28 mmol l -1 ) in women; BP X130 mm Hg (systolic) and/or 85 mm Hg (diastolic); and fasting plasma glucose X110 mg dl -1 .
Next, each group was divided into two subgroups (AHT patients and non-AHT patients, according to their previous diagnoses). The hypertensive subsample was then further divided into two smaller groups: individuals with 'uncontrolled AHT' (cases) (39 MS patients; 64 non-MS patients) and individuals with 'controlled AHT' as controls (122 MS patients; 92 non-MS patients). AHT was considered uncontrolled in those patients who presented levels of systolic BP, diastolic BP or both equal to or higher than the limits established for AHT according to the World Health Organization criteria defining AHT and its different subtypes. 14, 15 For this classification, the levels used for each patient were the average of multiple measurements taken during their daily activities (over a 24-h period) using an ambulatory BP monitoring system during the study period. These BP means are not shown in Table 1 .
Study procedure
Initially, a descriptive study was undertaken to determine whether there were statistically significant differences between the averages and percentages of the cases (uncontrolled AHT) and controls (controlled AHT) in each study subpopulation (AHT with and without MS). Then, the data were analyzed to identify possible associations between the presence of a particular polymorphism and the failure to efficiently control AHT among the MS-diagnosed patients. Finally, in the second stage, a further analysis was done to determine whether the associations with the polymorphisms previously identified Figure 1 Sample selection criteria.
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Patient data
BP values were measured during a doctor's visit according to the Joint National Committee's recommendations: after at least 5 min of supine rest, the average measurement was taken of two readings carried out 5 min apart; if the first two differed by 45 mm Hg, more readings were taken. 16 Measurements were taken with the automatic monitor OMRON-711 and validated 17, 18 according to the recommendations of the British Hypertension Society 19 and the Association for the Advancement of Medical Instrumentation. 20 The monitor was calibrated for this study (Table 1) .
Other data obtained from the study subjects were anthropometric measurements (weight, height, body mass index (BMI), waist and hip) and biochemical parameters (fasting plasma glucose, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol and microalbuminuria). The presence of other conditions was also noted, particularly fasting hyperglycemia (glucose 4110 mg dl -1 or 6.11 mmol l -1 ), hypertriglyceridemia (triglycerides 4150 mg dl -1 or 1.68 mmol l -1 ), hypercholesterolemia (total cholesterol 4200 mg dl -1 or 4.17 mmol l -1 ), obesity (BMI430 kg m -2 ) and overweight (BMI¼25-29 kg m -2 ). 13 Data about anti-AHT treatment were also collected; subjects were asked to indicate the kind of therapy they were receiving (a-blockers, b-blockers, calcium antagonists, thiazide diuretic, ACE inhibitors and angiotensin receptor antagonists) ( Table 1 ).
In addition, other environmental factors were also recorded. Socioeconomic class (according to the National Classification of Occupations (NCO is its Spanish acronym, 1979 revision) and by following the Spanish-adapted version of the British Registrar General's Classification) 21 and the level of education were recorded. Energy expenditure was assessed by determining the METS, an equivalent unit of energy consumption to the resting metabolic rate (3.6 ml of oxygen kg -1 min -1 ). 22 Furthermore, smoking habits were evaluated by collecting data on the number of cigarettes smoked per day and the number of packets consumed per year. Alcohol intake was determined using a nutritional survey that included questions on the quantity of alcohol consumed daily. Finally, after signing an informed consent form, a blood sample was taken for DNA extraction from the cell pellet to carry out a genetic profile.
Genotyping procedures
The polymorphisms of the genes AGT (angiotensinogen), ACE, AGTR1 (type-1 angiotensin II receptor), AGTR2 (type-2 angiotensin II receptor), REN (renin), RENBP (renin-binding protein), NR3C2 (mineralocorticoid receptor), AGTRAP (type-1 angiotensin II receptor-associated protein) and CYP11B1 (steroid 11-b-hydroxylase) were selected on the basis of their known functional effects, possible effects and distribution along the gene, with preference given to those located in exons or in contiguous regions (Table 3) . We selected polymorphisms with minor allele frequencies over 5%.
DNA was isolated from peripheral blood cells using the Chemagic System (Chemagen), and samples were diluted to a final concentration of 100 ng ml -1 . All the single-nucleotide polymorphisms (SNPs) were assessed using the SNPlex oligonucleotide ligation assay (Applied Biosystems, Foster City, CA, USA) following the manufacturer's recommendations.
Statistical analysis
Quantitative variables were expressed as the mean±s.d., while qualitative variables were expressed as the absolute (n) and relative (%) frequencies. We used a one-way analysis of variance to explore the differences between the quantitative variables, and w 2 exact tests were used to compare the qualitative variables. Any P-value of o0.05 was considered significant. A statistical power of 40.85 at the o0.05 probability level (P-value) was obtained to evaluate the difference in the null hypothesis contrasted with the proportion of the MS uncontrolled AHT population and non-MS uncontrolled AHT population. The departure of SNPs from Hardy-Weinberg equilibrium was tested using a w 2 test. For the individual SNP association analyses, genotype frequencies were assessed by multivariate methods based on a logistic regression analysis and were analyzed with codominant, dominant, recessive, over-dominant and additive models. The best genetic model was selected using Akaike's information criteria. A multivariate analysis was carried out with which the crude and adjusted odds ratios (ORc and ORa, respectively) were determined for the different SNPs analyzed (Table 3) , with 95% confidence intervals (CIs). Various models were fitted using different combinations of confounding variables: gender; age (continuous variable); BMI (continuous variable); waist-to-hip ratio (continuous variable); plasma levels of triglycerides, fasting glucose, highdensity lipoprotein cholesterol, low-density lipoprotein cholesterol and total cholesterol; and the presence or absence of diabetes mellitus and renal damage. We also controlled for smoking habits (smoker, ex-smoker and non-smoker) and for taking anti-AHT medications (a-blockers, b-blockers, calcium antagonists, thiazide diuretics, ACE inhibitors and angiotensin receptor antagonists). These analyses were performed using the SNPassoc R package. 23 A Bonferronitype correction was also performed in this analysis. The D¢ and w 2 P-values for marker independence were estimated to determine the linkage disequilibrium among all the genetic markers.
Analysis strategy
First, we performed a binary logistic regression analysis to determine the association between uncontrolled AHT and the genotype of each SNP analyzed (Table 3) in the MS-diagnosed population. In those analyses in which we obtained statistically significant ORc values, we performed a multivariate logistic regression analysis using the different adjusting models by following the step-wise method and by progressively including the aforementioned confounding variables. Next, we adopted the same analysis strategy with the non-MS population to determine whether these SNPs were associated with uncontrolled AHT in the MS-diagnosed patients.
RESULTS

MS and AHT prevalence and characteristics in controlled AHT and uncontrolled AHT patients
In the study population, a global MS prevalence of 23.3% (n¼352) was detected. According to the World Health Organization criteria, 11 AHT prevalence was 45.7% (n¼161) and 13.8% for MS patients and non-MS patients, respectively. AHT control was only achieved in 24.2% of the MS patients and in 41.0% of the non-MS patients (Figure 1) . Table 1 shows the anthropometric, biochemical, comorbidity and anti-AHT treatment data for the MS and non-MS populations by comparing controlled (controls) and uncontrolled AHT (cases). There were significant differences between cases and controls but only in systolic BP in both groups and in diastolic BP in the non-MS group, where levels were logically higher in the uncontrolled AHT group. Statistical differences relating to anti-AHT treatment were found in both populations, where the percentage of patients on anti-AHT treatment was higher in the uncontrolled AHT patients. Furthermore, the number of patients on ACE inhibitors who failed to effectively control their AHT was statistically higher in the non-MS group.
Regarding the level of comorbidity, it is worth noting that, although there were no significant differences between the controlled and uncontrolled AHT patients, we observed a higher prevalence of fasting hyperglycemia (33.6%, n¼41), renal damage (25.6%, n¼31), hypertriglyceridemia (79.4%, n¼77), hypercholesterolemia (28.7%, n¼35), obesity (66.1%, n¼80) and overweight (95.0%, n¼115) in patients with uncontrolled AHT. Table 2 provides the average values and prevalence of the environmental factors studied in the two populations. Regarding the level of education, a higher prevalence of controlled AHT was found for the group who had completed secondary school or obtained a high school diploma, while smokers paradoxically showed a lower prevalence of uncontrolled AHT than the non-smokers in the MS population. Moreover, for the non-MS hypertensive patients, a higher prevalence of failure to control AHT was seen among those living alone. One notable finding was that our study patients with uncontrolled AHT were undergoing anti-AHT therapy. In addition, most individuals under treatment were receiving combined anti-AHT treatments (n¼99, 61.5%), particularly controlled AHT patients (n¼29, 74.4%) as opposed to uncontrolled AHT patients (n¼70, 57.4%) in the MS population. In contrast, lower percentages of both groups in the non-MS population were on combined anti-AHT treatment (40.6 and 32.6%). These combinations consist of taking two or more types of drugs from the anti-AHT family, always according to the BP criteria and to the 2007 Arterial Hypertension Management Guidelines. 15 No statistical differences were found for the family of anti-AHT drugs consumed in the two groups, except for the use of ACE inhibitors in the non-MS population in which the rate of use was higher among those with uncontrolled AHT. Table 3 summarizes the different SNPs analyzed in the MS population and the genes where they are located. The genotype distributions were in Hardy-Weinberg equilibrium for both the cases and controls, except for rs3795575, rs275649, rs1403543, rs17231429 and rs5945377.
Table 2 Environmental factors of individuals with controlled and uncontrolled AHT in both populations (II)
MS
Distribution of analyzed SNPs and single-SNP association analysis
When studying the association of the genotypic distribution of the analyzed SNPs with uncontrolled AHT in the MS population, statistically significant results were obtained for rs1040288 and rs11099680 (Table 4) , both of which are from the NR3C2 gene (which codes for the aldosterone receptor).
Using the dominant model, the rs1040288 C/G and G/G genotypes obtained an ORc of 2.94 (95% CI: 1.34-6.47) for uncontrolled AHT. The ORa value remained constant after performing the different adjusting models (from ORa1 of 2.91 (95% CI: 1.31-6.47) to ORa5 of 2.85 (95% CI: 1.17-6.98)). When we included the AHT-treatment variable in the last model, we obtained an ORa6 value of 4.03 (95% CI: 1.44-11.26), which was greater than the others. However, according to Akaike's information criteria, the best adjusted model included age and gender (ORa1¼2.91 (95% CI: 1.31-6.47)).
Regarding SNP rs11099680, an ORc of 2.54 was obtained (95% CI: 1.09-5.93) for genotypes A/G and G/G (dominant model). As in the previous case, the ORa values remained constant and significant. The higher ORa value was obtained for ORa5, which was 2.98 (95% CI: 1.14-7.76). Yet according to Akaike's information criteria, the best adjusted model with the best fit was the first one, which included gender and age, with an ORa1 value of 2.67 (95% CI: 1.31-6.31). However, in this case, an increase in the ORa6 value was not observed (2.88 (95% CI: 1.01-8. 19 ).
Subsequently, the same statistical analysis was applied to the non-MS population in which only the SNPs rs1040288 and rs11099680 were analyzed (Table 4 ). The distributions of their genotypes were in Hardy-Weinberg equilibrium. Accordingly, for rs1040288 and following the recessive inheritance model, a significant ORc of 2.83 (95% CI: 1.22-6.56) was obtained for C/G+G/G. This remained significant, with a similar OR in all the adjusting models, except the saturated one, where the ORa6 value considerably increased (3.42 (95% CI: 1.22-9.58)). This last adjusting model was the best according to Akaike's information criteria. For SNP rs11099680, no significant OR values were obtained in the crude analysis or in any of the tested models.
After performing the Bonferroni correction, however, no significant P-value was obtained in any of the fitted models.
DISCUSSION
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Abbreviations: ACE, angiotensin-converting enzyme; AGT, angiotensinogen; AGTR1, type-1 angiotensin II receptor; AGTR2, type-2 angiotensin II receptor; AGTRAP, type-1 angiotensin II receptorassociated protein; CYP11B1, steroid 11-beta-hydroxylase; NR3C2, mineralocorticoid receptor (MR); REN, renin; RENBP, renin-binding protein; SNP, single-nucleotide polymorphism. Table 4 Distribution of hypertensive population with and without metabolic syndrome among different polymorphisms of the RAAS and analysis of the risk of uncontrolled AHT fitting various different multivariate models controlling BP in MS-diagnosed patients and to replicate this design in future larger studies. To date, few epidemiological studies analyzing SNPs in connection with AHT control in this population have been published, and these few have only considered a small number of SNPs. 24 Our study incorporates new elements and takes another step toward improving health-care quality by analyzing the possible association of a large number of SNPs that may influence the success or failure of AHT control in MS-diagnosed patients. Indeed, our results show a possible association between the presence of the G allele for SNPs rs1040288 and rs11099680 (NR3C2) and the failure to control AHT in these patients. Moreover, in relation to the latter SNP, as no association was found when studying the non-MS population, it seems that the presence of this SNP could be specifically associated with the pathophysiological characteristics of MS patients, which complicates the process of controlling their BP.
In the sample population, a MS prevalence of 23.25% was seen, which is similar to that obtained during the same period in two other studies. 25, 26 The sample is highly representative, so the results observed correspond to a real-life situation and not to the special trial conditions. Additionally, the fact that a third of the MS population presented controlled AHT indicates the magnitude of the influence of this metabolic alteration on BP control. Furthermore, this is supported by the fact that failure to control AHT was less prevalent in the non-MS patient group. In accordance with the presence of MS, the hypertensive profile apparently acquires certain pathophysiological characteristics that make it difficult to control BP and that should be considered when establishing both pharmacological and non-pharmacological treatments to help improve patients' health and prognosis.
Regarding the characteristics of both patient populations (MS and non-MS), no significant differences were observed between cases and controls for the anthropometric and biochemical variables (except for BP), which illustrates the complexity of the pathological profile. Moreover, there was no clear pattern of individual characteristics that made some patients more prone to uncontrolled AHT. In fact, it seems that the factors influencing the failure to control AHT may not be anthropometric or biochemical variables but rather the patient's genetic profile. This fact has been corroborated by several studies that indicate the heritability of the factors determining the presence of MS and the development of AHT in MS patients that show that some physiological variables are as important as environmental factors, or even more so. Although the potential contribution of genetic and environmental factors to MS components has received considerable attention, current heritability estimates vary considerably. 1 Similarly, in our analysis of anti-AHT treatment, the fact that no significant differences were found in the consumption of anti-AHT drug types between cases and controls, except ACE inhibitors in the non-MS population, demonstrates how difficult it is to determine the exact and most effective treatment type to control AHT, as Redon et al. 6 also stated.
Paradoxically, we observed a higher prevalence of non-smokers with uncontrolled AHT compared with smokers in the MS population. One explanation might be the potential therapeutic inertia in the AHT treatment; specifically, it could be that doctors pay more attention to AHT control in smokers as they take into account the associated cardiovascular risk profile and expected impact on health. However, this issue should be explored in further studies. 27, 28 Regarding the influence of the MS-diagnosed patients' genetic profile on the difficulty of controlling AHT, as stated previously, a possible association with the RAAS was observed. SNPs rs1040288 and rs11099680, whose genotypes are possible risk factors for uncontrolled AHT, are located in the coding gene of the aldosterone, or mineralocorticoid, receptor (NC3R2). However, rs1040288 manifested this association in both populations with the same tendency, indicating that this SNP could be associated with the failure to control AHT irrespective of whether individuals have MS. Despite the two SNPs located in the same gene, it is not surprising that the results they produce differ, given that the presence of a single SNP can trigger macromolecular changes that can modify the carrier's physiology.
There is evidence that MS is a state of metabolic and vascular dysregulation that is associated with activation of the RAAS. 29 More specifically, aldosterone seems to be involved in the pathogenesis of MS: in the kidney, aldosterone damages glomerular visceral epithelial cells (podocytes), leading to proteinuria and glomerulosclerosis 3 and promoting the development of resistant AHT in association with obesity and MS. 2 Evidence is emerging that a mineralocorticoid receptor blockade is useful in treating hypertensive patients who have both MS and resistant AHT. Accordingly, our results may explain the possible association between the G allele of the SNP rs11099680 and a higher risk of uncontrolled AHT in MS individuals. It seems that they could have acquired a series of different phenotypic characteristics: it is likely that the aldosterone-mineralocorticoid receptor interaction is one of the factors that influence the lack of AHT control in MS patients.
Findings from our multivariate analyses in the MS population suggest that components of the ATP-III criteria share common influences because important variations in the OR values were not observed in the different models. However, after adjusting for all of our variables (gender, age, waist-to-hip ratio, BMI, plasma levels of high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, fasting glucose and triglycerides, renal damage, diabetes mellitus, smoking habits and anti-AHT treatment), the association with uncontrolled AHT increased for rs1040288 in both study populations. This fact could reveal a possible influence of anti-AHT treatment on the control of AHT in the population carrying the G allele of this SNP. Furthermore, this increase was not observed for rs110099680. Recent pharmacogenomics advances have revealed that some gene variants of the RAAS are involved in the effectiveness of anti-AHT treatment, especially with angiotensin II receptor blockers or the ACE inhibitor response. 12, 30 Indeed, this result could relate to our last study, where we found a possible association of the presence of certain polymorphisms of RAAS genes with the risk of uncontrolled HT in ACE inhibitor-treated patients. 12 As noted above and by Redon et al. 6 the similarity between cases and controls in the consumption of anti-AHT drug types makes it difficult to prescribe treatments to control AHT.
However, it should be taken into account that numerous calculation models were performed in the present study, so the statistical significance of this association study could be a mathematical coincidence. Furthermore, after performing the Bonferroni correction, no significant P-value was obtained in any of the fitted models, a fact that could represent a limitation of this study. However, it is worth noting that this is a pilot study from which the conclusions could prove to be a new initial hypothesis for subsequent studies. Similarly, it is a population-based study with strict inclusion criteria for the different groups involved. Thus, the sample size was limited, which constitutes a limitation to obtaining results that offer sufficient robustness in this genetic field.
In conclusion, these results indicate a possible association between uncontrolled AHT in MS-diagnosed individuals and the presence of certain genotypes of SNP rs11099580 in the gene coding for the aldosterone receptor (NR3C2). rs1040288 may be associated with uncontrolled BP regardless of the MS profile. Given the small number of patients in the final part of this study, these findings need to be replicated in larger, more heterogeneous samples for the purpose of identifying practical measures that could be taken to improve BP control and, ultimately, patients' health.
